The commodity market has been becoming one of the most popular segments of the financial markets among individual and institutional investors in recent years. Similarly to the eąuity market, the problem of anomalies in the commodities market is becoming an interesting phenomenon, especially in the segment of the precious metals. This paper tests the hypothesis of monthly, the day-of-the week and weekend effects of the precious metal markets ąuoted on the London Metal Exchange for gold, silver, platinum and copper in the period of 1.01.1995-31.12.2015 considering also palladium in the period 1. 01.1998-31.12.2015. Calculations presented in this paper indicate the absence of the monthly effect on gold, silver, platinum, copper markets but proved occurrence of monthly anomaly in the month of September on palladium market. In the analyzed period dayof-the week effect for any of the studied metal markets was not observed but the weekend effect was registered on the gold and copper markets. 
Introduction
Efficient market hypothesis (EMH), the center of the influential paper of Fama1, has been a cornerstone of financial economics for many decades. Although actual definitions differ from that formulated by Fama, the efficiency o f markets prevents systematic beating o f the market, usually in a form of above-average risk-adjusted returns. The problem of the financial markets efficiency, especially of equity markets, has been discussed in a number o f scientific works, which has led to a sizable set of publications examining this subject. In many empirical works dedicated to the time series analysis of rates of return and stock prices, there were found statistically significant effects o f both types, i.e. calendar effects and effects associated with the size of companies. These effects are called "anomalies", because their existence testifies against market efficiency. Discussion of the most common anomalies in the Capital markets can be found, among others, in Simson2 or Latif et al. 3 .
One o f the most common calendar anomalies observed on the financial mar kets are: A) Day-of-the-week effect -daily average rates of return registered on the stock market differ for various days of the week. One o f the first works dedicated to this type of effect, was developed by Kelly4, who proved that the average ratę of return of the US stock markets on Monday is lower than average rates of return for other days of the week. Empirical work o f Hirsch5 confirmed the existence o f the day-of-the-week effect. In his study, he examined behavior of the S&P500 index in the period from June 1952 to June 1985, proving that the index close on Monday was lower in 57% of cases than the index close on the preceding Friday. For other days of the week, the following trend was observed -the index close on one session was higher than the index close on the previous session (Tuesday/Monday in 43% of observations, Wednesday/Tuesday in 55.6%, Thursday/Wednesday in 52.6%, Friday/Thursday in 58%). The day-of-the-week effect in the US market was also presented, among others, in the works of: Jaffe et al. 6 , French7, Lakonishok and Maberly8. The evidence for the UK market was examined by: Theobald and Price9, Jaffe and Westerfield10, Board and Sutcliffe11, Agrawal and Tandon12, Peiro13, Mills and Coutts14, Dubois and Touvet15, Coutts and Hayes16. Peiro17, Agrawal and Tandon18, Dubois and Touvet19 and Kramer20 provided evidence of negative Monday and Tuesday returns for Frankfurt exchange.
In works of Solnik and Bousąuet21, Agarwal and Tandon22, there was found an evidence of negative Tuesday rates of return in Paris market, while Condoyanni et al. 23 and Peiro24 demonstrated negative Monday and Tuesday rates or return on the same market and Barone25 in Milan. Research regarding rates of return on other market was performed in works of Kato et al.26 , and also by Sutheebanjard and Premchaiswadi27. On the Polish market, findings regarding the day-of-theweek effect were conducted among others by: Buczek28 and Szyszka29. B) Monthly effect -achieving by portfobo replicating the specified stock index, different returns in each month. The most popular monthly effect is called "January effect", i.e. the tendency to observe higher average ratę of return o f stock market indices in the first month of the year. For the first time, this effect was observed by Keim30, who noted that the average ratę of return on stocks with smali capitalization is the highest in January. In the case o f large and mid-capitalization companies the effect was not so perceptible. Although January was the best single month in the UK, the period from December to April consisted of months, which on average produced positive returns31. Bernstein32, taking into consideration the behavior of the US equity market in the period from 1940 to 1989, found the interdependence between rates of returns in each month. Modern researches, e.g. by Gu33 and Schwert34 show that in the last two decades of the twentieth century, phenomenon of the month-of-the-year effect was much weaker. This fact would suggest that the discovery and dissemination of the monthly effect in world financial literaturę contributed to the increase o f market efficiency. Ariel38, Takonishok and Smith39 and Cadsby and Ratner40. 3. W ithin-the-month effect -positive rates of returns only occur in the first half of the month41. 4. Turn-of-the month effect -average ratę of return calculated for the last day of the month and for three days of the next month, was higher than the average ratę of return calculated for the month, for which the ratę o f return o f only one session, was taken. Takonishok and Smidt42 found that the four days at the turn-of-the-month averaged a cumulative ratę of increase o f 0.473% versus 0.0612% for any average four days periods. The average monthly increase was 0.349%, i.e. the DJIA went down during non-turn-of-the-month period. Commodity market is one of the segments of the financial market, characterized by high heterogeneity of assets compared to the stock or hond markets43. It is often seen as a separate asset class, which in turn leads to Iow correlation of commodity market rates of return with returns on the stock or bonds markets. The conseąuence of this fact is the possibility of constructing morę diversified investment portfolio compared to a portfolio consisting solely of shares or bonds. Another factor in favor of investing in the commodity market is the ability to protect the investment portfolio from the negative effects of inflation. This type of investor's preferences in building an investment portfolio is clearly visible in the period of increased inflation44. Another factor encouraging investors to carry out investments in the commodity market can be the threat of currency devaluation or the outbreak of armed conflict.
The aim of this article is to examine the prevalence of selected seasonality effects on the markets of the following metals: gold, silver, platinum, copper and palladium. Analysis o f the seasonality effects will apply to monthly returns, returns over various days of the week and so-called weekend effect. 
Literaturę Review
In the scientific literaturę a statement can be found that the stock market is somehow predestined to record number of anomalies, whereas the foreign exchange is the most effective o f all the markets45. It is worth noting that the number of sci entific researches dedicated to commodity market efficiency is lower than those of stock market.
Commodity market efficiency, in particular of the gold market, was presented According to his research on the TME in the period of 1989-2002 for aluminum, copper, zinc, lead and nickel prices, the lowest and negative average ratę of return was observed on Mondays, while the Tuesday average ratę of return was the highest, with the Friday being the second highest. The main conclusion of this work was the statement that the metal market showed the stereotypical pattern of daily seasonality that was commonly described in the literaturę concentrating on equity markets. MacDonald and Taylor54 tested for cointegration for four metals in the TME for the period of 1976-1987. They conclude that the copper and lead futures markets can be considered efficient but reject the EMH for tin and zinc. Based on the analysis of gold prices in the US market Tschoegle55, Solton and Swanson56 and Aggarwal and Soenen57 concluded that the gold market is efficient. A similar deduction was reached by Mayo58 and Smith59, who tested the random walk hypothesis for the morning and afternoon fixing, as well as the close price of gold in London. Weak form of market efficiency of gold, silver, platinum and palladium was also demonstrated in the work of the Górska and Krawiec60. In summary, there has not been consensus about the efficiency of metal markets. One reason o f the heterogeneous results are the different test setups and the second -analyzing market efficiency o f metals quoted on the London Metal Exchange from a single-market perspective61.
Data and Methods
The test for eąuality of two average rates of return will be applied in the case of hypothesis testing. According to the adopted methodology, the survey covers two populations o f returns, characterized by normal distributions. On the basis o f two independent populations of ratę of returns, which sizes are equal to n ] and n2 respectively, the hypotheses H(] and H ] should be tested with the use of statistics z62:
where: /' -average ratę o f return in the first population, r, -average ratę of return in the second population, n 1 -number of rates of return in the first population, n2 -number of rates of return in the second population, S2 -variance o f rates o f returns in the first population, In particular: For the analysis of the monthly rates of return, if rŁ is the average ratę of return in month X, then r, is the average ratę of return in all other months, except month X, on the metal market.
For the analysis of the rates of return on individual days of the week, if r, is the average ratę o f return on day Y, then r, is the average ratę of return in all other days, except day Y, on the metal market.
For In all analyzed cases, z statistic and the p-value are calculated. If the p-value is less than or equal to 0.05; then the hypothesis H () is rejected in favor of the hypothesis H v Otherwise, there is no reason to reject hypothesis H0.
Analysis of Results

The Analysis of the Monthly Effect
The prices o f gold, silver, platinum and copper in the period from 1.01.1995 to 31.12.2015 The monthly average rates o f return for each metal and for each month are presented in Appendix - Table 6 . The number and percentage of positive and negative monthly returns on the metal market for each month are presented in Table 1 . Source: own calculations.
Figurę 6. The Percentage of Monthly Positive and Negative Returns in Each Month for Gold
Source: own calculations.
In the analyzed period, on the gold market the positive monthly returns were the most freąuently observed in August -in 76.19% o f all observations -see Figurę 6 . The second, third and fourth months in which the positive returns were most freąuent were: September (71.43% ), February (61.90%) and April (52.38%). In turn, the months with the highest percentage o f negative monthly returns were March, fuly and October -negative returns were observed in 61.90% cases. In the months of: January, May, June and December negative returns occurred in 52.38% o f situations. In the analyzed period on the silver market the positive monthly returns occurred morę freąuently in January and September -in 66.67% of observations -see Figurę 7 . Tbese two months were followed by months o f July and December, in which the positive monthly rates were noted in 57.14% of cases. On the other hand, negative monthly rates of return occurred most freąuently in the month ofjune (71.43%) and also in March and October (66.67%).
January was the month, in which the highest percentage o f positive monthly returns was recorded on the platinum market (71.43%) -see Figurę 8. The second highest percentage of positive returns took place in February and July -in both months it was recorded at 66.67% level. On the other hand, the most negative ratę of return occurred in the month of September (61.10%) and in the months of March, June and October -52.38% of all observations.
Figurę 9. The Percentage of Monthly Positive and Negative Returns in Each Month for Copper
Regarding the copper market, the highest percentage of monthly positive returns was recorded in July (71.43%), followed by January (61.90%) -see Figurę 9. The negative rates of returns were most common in the months of October and December -57.14% o f all observations. On palladium market monthly positive returns took place most freąuently in January (88.89%), which was followed by October (66.69%) -see Figurę 10. In the months of March, September and December they occurred in 61.11% of all observations. The negative monthly rates o f return were achieved on palladium market in June (66.69%) and May (61.11%).
Figurę 10. The Percentage of Monthly Positive and Negative Returns in Each Month in Palladium Market
The percentage share of positive returns on the market o f all analyzed metals, amounting to over 50%, was the highest in the following months: February, Sep tember and November. On the other hand, in January, March, April, July, August, October and December the percentage of positive returns was greater than 50% on the market of 4 out of 5 metals, but in May and June only on the market of 3 out of 5 metals. The percentage of negative monthly rates of return was greater than 50% on the markets of 2 out of 5 metals in the months of May and June -see Figurę 11 .
The January effect should have been considered only in the case of palladium -the monthly average ratę of return for that month amounted to 4.55% and was the highest in comparison with the other monthly average rates o f return. The highest monthly rates of return in February were reported for silver (3.54%) and platinum (3.63%). The highest monthly ratę o f return for gold and copper occurred in the fol lowing months: September (2.23%) and July (2.50%) respectively. The lowest monthly ratę of return for silver and palladium were recorded in June: -2.27% and -2.22% respectively, and for gold and copper in October: -1.04% and -1.56% respectively.
On the platinum market the lowest monthly ratę of return occurred in the month of September and was equal to -1.19% . Number of timesthe percentage of negative rates of return was higherthan 50%
The results obtained in the process of testing statistical hypotheses for the monthly returns on analyzed metals, are presented in Table 2 .
The results allow drawing the following conclusions: 1. In the case of gold, there was no reason to reject the nuli hypothesis for each of the analyzed months. Tbis indicates that the effect of month of the year did not occur in the analyzed period. 2. In the case of silver, there was no reason to reject the nuli hypothesis for each of the analyzed months. Tbis indicates that the effect of month of the year did not occur in the analyzed period.
3. In the case of platinum, there was no reason to reject the nuli hypothesis for each of the analyzed month. This indicates that the effect of month of the year did not occur in the analyzed period. 4. In the case of palladium, the nuli hypothesis was rejected in favor o f the alternative hypothesis for the month of September. This fact indicates the occurrence of the effect of the month on the analyzed metal market. For all o f the remaining months, the nuli hypothesis was not rejected, which indicates that the effect of month of the year did not occur. It is worth mentioning that p-value calculated for monthly rates of return in January and December was equal respectively to 0.08 and 0.07, and was close to the significance level (0.05). 5. In the case of copper, there was no reason to reject the nuli hypothesis for each of the analyzed months. This constitutes evidence that the effect of month of the year did not occur in the market of this metal. The first value in the celi represents test statistic for z> and the second is the p~value.
The Analysis of the Day-of-the-Week Effect
Average rates of return for each day of the week and average rates of return calculated with the use o f Monday open and Friday close prices for the weekend effect are shown in the Appendix in Table 7 . Information regarding number and freąuency of positive and negative rates of return, computed for each day of the week, divided into markets o f analyzed metals, are included in Table 3 . The highest average daily ratę of return for all metals except palladium was observed on Fridays. On the palladium market, the highest average daily ratę of return was recorded for Monday sessions. Regarding all analyzed metals, the maximum average daily ratę of return turned out to be positive. The lowest average daily rates of return were registered on Tuesday session on the markets of gold, platinum and palladium, while on the markets of silver and copper on Mondays and Tbursdays respectively. In all cases, except for copper, the daily average returns were negative.
The gold market experienced positive returns mostly on Fridays (54.33%), followed by 51.08% on Wednesdays and 50.80% on Mondays. The negative rates of return were reported morę often on Tuesdays (50.89%) and Tbursdays (50.05%) -see Figurę 12.
Figurę 12. The Frequency of Positive and Negative Returns over Various Days of the Weekfor Gold
Figurę 13. The Frequency of Positive and Negative Returns over Various Days of the Weekfor Silver
On the silver market freąuency of positive returns was higher than 50% for all days of the week, and the highest was found to be on Thursdays (53.70%). The results of testing statistical hypotheses for the rates of returns for different days of the week during analyzed period are presented in Table 4 .
The results of testing H 0 hypothesis permit to draw following conclusions: 1. In the case of gold, there was no reason to reject the nuli hypothesis for each analyzed day of the week. The p-value for Monday and Friday session is equal to 0.09 and slightly differs from the assumed level of significance (0.05). 2. In the case o f silver, there was no reason to reject the nuli hypothesis for each analyzed day of the week. The lowest p-value o f 0.14 was recorded for rates of return calculated for Monday sessions.
3. In the case of platinum, there was no reason to reject the nuli hypothesis for each analyzed day of the week. The lowest p-value of 0.07 was recorded for rates of return on Tuesday session and it is close to the significance level (0.05). 4. In the case of copper there was no reason to reject the nuli hypothesis for each analyzed day of the week. The lowest p-value of 0.10 was obtained for the ratę of return on Monday sessions. 5. In the case of copper there was no reason to reject the nuli hypothesis for each analyzed day o f the week. The first value in the celi represents test statistic for z> and the second is the p~value.
The Analysis of the Weekend Effect
Analysis of rates of return calculated with the use of the Monday's open and Fridays close prices for each metal and the result of statistical testing of nuli hypothesis leads to the data presented in Table 5 . The first value in the celi represents statistic test for z> and the second is the p~value.
The results obtained during testing the nuli hypothesis allow formulating the following conclusions: 1. In the case of silver, platinum and palladium there were no reasons to reject the nuli hypothesis. The p-value for platinum is equal to 0.09, and slightly differs from the assumed level of significance (0.05). 2. In the case o f gold and copper, the nuli hypothesis was rejected in favor of the alternative hypothesis. Thus, the effect o f the weekend took place in the covered period on the market of these two precious metals.
Conclusion
In recent years, there has been observed an increased interest in the commodity market, including precious metals, from the part o f institutional and individual investors.
Investment strategies implemented in the commodity market by its participants, heavily resemble those of the stock and currency markets. However it should be mentioned that the specific features are assigned to the precious metal market such as stock level or marginal unit cost. It is also important to notę that despite the physical diversity, this asset class is often characterized by a high degree o f price correlation63.
In the world literaturę, in contrast to the stock market, relatively little space was dedicated to the occurrence of the seasonality effects on the metal market. This fact was one o f the reasons encouraging us to take specific empirical studies.
The aim of this study was to determine the prevalence of selected effects of sea sonality on the following metal markets: gold, silver, platinum, copper and palladium. Analysis of the effects o f seasonality included an examination of monthly returns, returns over various days of the week and so-called weekend effect. Calculations presented in this paper indicate the absence of the monthly effect in the following analyzed segments of precious metal markets of gold, silver, platinum, copper. The existence of seasonality effect occurred only in case of palladium market during the month of September. The occurrence of seasonality effect for palladium was not observed for the rates of returns calculated for all remaining months.
In the analyzed period there was no occurrence of day-of-the-week effect for any o f the studied metal markets. The weekend effect was registered only on the gold and copper markets. The analysis confirmed the absence of the monthly effect of on the gold market in the month of January, which is consistent with the results obtained in the work of Coutts and Sheikh69. The highest daily ratę of return on the copper market was registered for Friday sessions. According to Tucey70 Friday ratę of return was the second, after Tuesdays most-higher daily ratę of return. The lowest daily ratę o f return was recorded on Thursdays, and not, as proved Tucey71 on Mondays.
Further research on the occurrence o f calendar anomalies in the metal market should include the following assets: zinc, tin, lead, aluminum and nickel. 
